. Location map and geological information of the studied area: Las Minitas Range Northern Precordillera, northwest of La Rioja Province, Argentina (modified from Coughlin, 2000) / Mapa de ubicación e información geológica del área estudiada: Sierra de las Minitas, Precordillera septentrional, noroeste de la Provincia de La Rioja, Argentina (modificado de Coughlin, 2000) .
subsurface of the Chaco plain in Santiago del Estero Province (Mingramm and Russo, 1972; Baldis and González, 1981b; Antonelli and Ottone, 2006) , fragmentary remains from the Sierras Australes (Sierra de La Ventana) of Buenos Aires Province (Keidel, 1916) , also from Sierra Grande in Río Negro Province (Cuerda and Baldis, 1971) , as well as the better known faunas from Malvinas Islands (Richter and Richter, 1942; Edgecombe, 1994; Pires de Carvalho, 2006 ).
Yet, the bulk of well-known Devonian trilobites from Argentina derive from the Precordillera Basin in San Juan Province. Within the Precordillera fold and thrust belt, the far west (Western Precordillera) has provided Middle to Late Devonian trilobites (Amenábar, 2009 , Baldis, 1967 Furque and Baldis, 1973; Baldis and Sarudiansky, 1975; Baldis and Longobucco, 1977a; Baldis, 1979) , whereas Early Devonian trilobites, although more abundant, are only known from the Central Precordillera to the east, almost exclusively from the widespread Talacasto Formation.
Effectively, since the pioneering works of Thomas (1905) , Stappenbeck (1910) and Keidel (1921) , contributions to the understanding of the Talacasto Formation trilobites (although still mainly descriptive) were made by Castellaro (1966) , Harrington (1967) , Padula et al. (1967) , Cuerda and Baldis (1971) , Baldis (1967; 1975a , b, 1979 , Baldis and Peralta (1991) , Waisfeld et al. (1994) , Rustán (2008) , and Holloway and Pires de Carvalho (2009) . Otherwise, further contributions such as those of Edgecombe et al. (1994a) and Vaccari et al. (1994) have focused on systematic and phylogenetic aspects of these faunas, mainly the calmoniids. Outside the Talacasto Formation, Early Devonian (probably Late Emsian) trilobites of the Precordillera are only known from isolated sclerites from the overlying Punta Negra Formation (Herrera and Bustos, 2001) .
A new Early Devonian trilobite assemblage from La Rioja Province is recognized and analyzed herein. These trilobites come from the northernmost extent of the Precordillera and their presence was originally reported by Coughlin (2000) and Vaccari et al. (2008) . Systematic aspects and the age of this fauna are discussed, together with its implications for correlation and understanding of the Precordillera Basin during the Early Devonian.
GEOLOGICAL SETTING
The rocks studied are exposed at Sierra de Las Minitas, a set of low mountain ranges located to the west of Bolsón de Jagüé, in northwestern La Rioja Province, Argentina. This region has been considered as the northern continuation of the Sierra de La Punilla in San Juan Province (Caminos et al., 1993) , and thus the northernmost reaches of the Precordillera. The area was originally mapped by Aceñolaza (1971) and Caminos et al. (1993) , and more recently in detail by Coughlin (2000) .
The study area is located nearly 30 km southwest from the small town of Jagüé, being the last set of ranges immediately to the west of the Sierra de Umango. The Pampa de las Avestruces separates these outcrops from those in the Cordillera Frontal to the west, and the Agua de Carlos and the La Troya rivers bound it to the north and south, respectively (Fig. 1) .
The structure of the area is complex and the folded bedding was faulted and intruded by igneous bodies. At least one important folding episode took place prior to the Early Pennsylvanian (Río del Peñón Formation) which overlies it on angular unconformity (this unconformity outcrops to the northeast, see Fig. 1 ).
Most of the exposures in this area have been previously assigned to the Jagüel Formation (González and Bossi, 1986) , a poorly known unit including Devonian and Lower Carboniferous sedimentary rocks (Fauqué and Limarino, 1991; Azcuy and Carrizo, 1995; Carrizo and Azcuy, 1995; Limarino et al., 2006) . Coughlin (2000) mapped the area in more detail and recognized a broad set of units that may, in part, fill in the regional gap separating Devonian from Carboniferous rocks elsewhere in the Precordillera (Astini, 1996) . Coughlin (2000) described -within the Sierra de Las Minitas-a separate unit that he informally named the Quebrada del Escarabajo Formation. On the basis of a few trilobite remains and K-Ar ages in the cross-cutting igneous rocks, he suggested a bulk Devonian age for his new unit. However, between the Devonian trilobite-bearing interval and the unquestionably Carboniferous rocks of the Río del Peñón Formation, several different stratigraphic relationships occur in Sierra de Las Minitas, allowing for a complex history of uplift, erosion and onlapping for the region.
Within the core of the range, glacial diamictites conformably cover the studied unit Ezpeleta and Astini, 2009) . Paleontological (Vaccari et al., 2008) and geochronological data (Coughlin, 2000) -different from the Pennsylvanian Río del Peñón glacial record-seem to point to a Devonian age for this glaciomarine sequence. The Quebrada del Escarabajo Formation of Coughlin (2000) can be divided into three distinct facies associations: (1) fine-grained green to dark gray bioturbated shales, (2) thoroughly bioturbated sandy siltstones, and (3) rhythmically graded sheet-like sandstones (medium to coarse-grained) and interbedded shales. Toward the top of the unit, the latter association is only present immediately below the unconformity and yields abundant flute casts, indicating depositional processes related to highly concentrated sandy gravity flows (turbidity currents). Dominant paleocurrents suggest a source from the east. No unequivocal wave reworking has been observed in this association. The shale-rich association locally yields carbonate-rich nodules with a variety of fossil remains, among which the Early Devonian trilobites studied herein are the more distinctive forms. Silty facies seem to be transitional between the lower shaly and the upper sandy facies associations. This association includes frequent thin beds of fine-grained sandstones with lenticular and wavy bedding.
MATERIALS AND METHODS
All materials come from a single collecting site (Dv1, Fig.1 ). This single productive locality is restricted to a small area around 28°42 50 S/68°39 29 W, represented by an interval of a few meters with abundant nodules within greenish-dark grey shaly beds. Partly deformed trilobites are preserved inside dark grey to black carbonate-rich bioturbated nodules commonly covered by a thin layer of iron oxide. The associated faunas from these beds include corals, sponges, bivalves, nautiloids, conulariids and brachiopods, all almost exclusively derived from nodules and thus indicating a preservational bias.
Materials were collected following the same fossil-bearing stratigraphic level and referring to a geologic map, using GPS coordinates. Stratigraphic columns could not be detailed because of the small fossil outcrop and the structurally complex geological setting. Specimens were prepared using needles, pneumatic vibrators, acid, and latex moulds or plasticine squeezes of counterparts. Photographs of specimens -coated with ammonium chloride sublimate and previously stained black-were obtained using a Canon Power Shot S50 digital camera mounted on a Leica MZ75 binocular.
Specimens illustrated herein are housed in the paleon-tological repository of the Museo de Ciencias Naturales at the Universidad Nacional de la Rioja, La Rioja, Argentina, numbered with the prefix PULR. Technical terms, as usually used in trilobite descriptions, are abbreviated as follows: sagittal/sagittally (sag.), exsagittal/ exsagittally (exsag.), transversal/transversely (tr.). Open nomenclature follows criteria by Bengtson (1988) .
Institutional abbreviation. PULR, Museo de Ciencias Naturales at the Universidad Nacional de la Rioja, La Rioja, Argentina.
SYSTEMATIC PALEONTOLOGY
Order Phacopida Salter, 1864 Suborder Phacopina Struve, 1959 Family Phacopidae Hawle and Corda, 1847 Subfamily Phacopinae Hawle and Corda, 1847 Genus Paciphacops Maksimova, 1972 Type species. Phacops logani Hall, 1861, from the Lochkovian of the New Scotland Formation, New York, U.S.A; original designation.
Subgenus Paciphacops Maksimova, 1972 Paciphacops (Paciphacops) sp. Material. An almost complete specimen (PULR-118 A-C), two cephala (PULR-121-PULR-124), one cephalothorax (PULR-119 A-J), two thoraces (PULR-123, PULR-125), two thoracopygidia (PULR-122 A-B, PULR-120), one pygidium (PULR-126 A-B). Description. Known maximum length of exoskeleton (cephalon plus thorax of specimen PULR-118 A) about 38 mm ( Fig. 2.6 ). Cephalon length about 0.5 of width (sag.); outline in dorsal view with greatest curvature forward medially and laterally in front of anterior end of eye ( Fig. 2.4) . Anterior margin slightly arched upward in frontal view (Fig. 2.3 ). Glabella contour sub-rhombic to sub-oval (tr.) (with weakly convex antero-and posterolateral sides and sub-rounded lateral corners between them), with frontal lobe markedly inflated and directed upward, projecting forward and upward beyond the preglabellar furrow in lateral view, comprising about 0.5 of maximum cephalic width; width across frontal lobe about twice the width at occipital ring and approximately equal to sagittal length, with medium-sized sparse tubercles and small densely disposed granules between them (Fig. 2.1-5 ). Axial furrow gently converging forward from lateral sides of occipital ring to front of L1 at junction with S1, then strongly diverging anterolaterally at about 75° from S1 to widest part of glabellar frontal lobe. Occipital furrow (SO) medially shallow and exceedingly long (sag.). S1 bent forward, weakened medially, becoming apodemal laterally, long (exsag.), rapidly shallowing laterally at junction with axial furrow. S2 faded in general, narrow (exsag.), becoming a shallow incision, sinuous (concave forward medially, then concave backward distally), running approximately transverse. Median branch of S3 of similar depth as S2, yet effaced medially and distally near axial furrow, without observable lateral branch in the available material. LO (occipital ring) long (sag., exsag), medially high, taller than L1, bearing a large dorsal spine and with small lateral lobe. L1 (preoccipital lobe or intercalating ring) moderately long (sag.), low, adpressed to the base of glabella; with small, rounded lateral lobe, as tall as lateral lobe of axial ring, but laterally less extended. L2 subtly defined, transversely elongated. L3 subtly defined, laterally elongated, slightly convex forward. Preglabellar furrow only morphologic structure between ventralmost side of glabellar frontal lobe and dorsal rim of vincular furrow. Preglabellar furrow an anterior continuation of lateral furrow, distinct across entire frontal width (tr.) of glabella, evenly and strongly convex upward in frontal view. Posterior border furrow very long (exsag.) and deep, slightly longer (exsag.) distally, shallowest at junction with axial furrow, postero-laterally directed, deflecting backward beyond fulcrum to genal angle, becoming slightly shallower and continuing as lateral border furrow. Posterior border a strong ridge, running posterolaterally somewhat deflected backward, apparently with dorsolateral spine at fulcrum. Palpebral lobe narrow (tr.), oblong (exsag.) to semi-lunar in outline, with large tubercles arranged nearly in a row, most externally. Palpebral furrow apparently broad (tr.) moderately shallow, slightly convex laterally, following the inner contour of palpebral lobe. Interocular fixigena coarsely tuberculate, slightly inflated to nearly flat, with wide (tr.) subtriangular shape in dorsal view; postocular area of fixigena continuing laterally behind eye as long (tr.) sideburn-shaped prolongation to posteroventral corner of eye ( Fig. 2.1 ). Medium-sized eye with sub-vertical visual surface with lenses not arranged regularly in rows in its upper-middle part. Specimens PULR-118, 119 and 121 appear to have 11-12 vertical rows (counted in the lower edge of the visual surface), with a general maximum of five (more rarely six) lenses. Librigena field sub-vertical below eye, exceedingly reduced to become broad and concave area merging with lateral border furrow. Lateral border furrow deep and wide (tr.), deepest beneath eye, as continuation of posterior border furrow from the genal angle where it is shallowest, then narrowing (tr.) and shallowing toward fron- Figure 2 . 1-9, Paciphacops (Paciphacops) sp. 1-5, PULR-119 A, cephalon with the first thoracic segment attached; note spines (broken) on axial ring and posterior border at fulcrum / céfalo con el primer segmento toráxico asociado; note las espinas (rotas) en el anillo axial y borde posterior sobre el fulcro; 6, PULR-118 A, posterolateral view of the molt ensemble specimen with the cephalon almost inverted over the thorax/ vista posterolateral de una asociación de muda con el céfalo casi invertido sobre el tórax; 7, PULR-126 B, internal mold of a pygidium with the last thoracic segment attached. Note the strong segmentation and ridges on fulcrum instead of clearly developed spines as in the thorax/ molde interno de un pigidio con el último segmento toráxico asociado. Note la fuerte segmentación y aristas sobre el fulcro, en lugar de espinas claramente desarrolladas como en el tórax; 8-9, PULR-120, thorax showing straight (tr.) thoracic segments and pleural furrows, and axial spines on axial ring and pleurae at fulcrum/ tórax mostrando segmentos toráxicos y surcos pleurales rectos (tr.) y espinas sobre los anillos axiales y fulcro; 10, Paciphacops? sp., PULR-127 A, thoracopygidium; note the clearly developed rounded lateral axial lobes on axial rings, absence of axial and fulcral spines, thoracic segments not straight transversely, and not distally subvertically oriented pleurae beyond fulcrum/ toracopigidio; note los lóbulos laterales del anillo axial claramente desarrollados y redondeados, ausencia de espinas axiales y fulcrales, segmentos toráxicos no transversalmente rectos, y pleuras no subverticalmente orientadas distalmente más allá del fulcro. Scale bar/ escala gráfica = 1 cm tal area and continuing as the preglabellar furrow from the junction with the axial furrow, anterolaterally. Lateral border moderately wide (tr.) and inflated, progressively wider (tr.) backward. Posterior border nearly straight, short (exsag.), apparently bearing (material broken, leaving a scar, Fig. 2 Articulating half-ring separated from axial ring by moderately deep furrow, but reaching almost same level of axial ring dorsally. Lateral axial lobes incompletely defined, moderately long (exsag.), somewhat laterally elongated, moderately inflated, incompletely set off from the axial medial lobe. Axial furrow exceedingly shallow and moderately wide (tr.), only slightly convex laterally along thorax. Pleurae nearly straight and oriented normally with respect to axis in dorsal view, with sub-horizontal adaxial part much wider (tr.) than abaxial part; the latter abruptly and strongly inclined (almost 90°) distally beyond fulcrum. Anterior pleural band ridge-like, much shorter (exsag.) than posterior pleural band, almost transversely oriented. Deep and moderately narrow (exsag.) pleural furrow of angular crosssection, placed anteriorly respect to midpoint (exsag.) of segment at fulcrum, starting as a fine line at junction with axial furrow, running almost transversely in approximately straight manner, widening (exsag.) and deepening distally, reaching a maximum at fulcrum. Large dorsolateral spine at fulcrum (Fig. 2.6, (8) (9) . Posterior pleural band convex, long (exsag.), flexed backward distally and posterolaterally directed, with deep and short (exsag.) articular furrow running along posterior side, which tapers distally toward fulcrum. Distal part of pleurae subrounded, with flat to barely concave articular facet. Pygidium medium-sized to proportionally small, wider (approximately double) than long, widely rounded to subtriangular in outline (Fig. 2.7) . Axial region convex, segmentation strongly marked. Axial furrows broad (tr.), moderately deep, and approximately straight, with apodemal notches at first two or three anterior rings. Axis about 0.35 of maximum pygidial width anteriorly and 0.80 of pygidial sagittal length, with 7-8 well defined rings plus terminal piece. Short (sag.) axial rings. First 3-4 rings strongly defined, anteriormost two with small insinuated dorsal spine becoming dorsal node on progressively fainter posteriormost rings. Interannular rings long (sag.), clearly separating the rings. Abruptly acuminate posterior tapering without effacement of axial furrows, rendering distinctly delineated posterior the axis. Pleural field with five strong ribs, bearing long (exsag.) and deep pleural furrows, gradually less impressed backwards and more posterolaterally directed. Interpleural furrows well impressed except in last, small pleural ribs. Dorsolateral fulcral spine insinuated at fulcrum of first pleura. Pleural ribs and furrows becoming progressively faint distally, effacing next to pygidial margin, rendering an insinuated pygidial border.
Discussion. Recent phylogenetic analyses by McKellar and
Chatterton (2009) brought into question the taxonomic status of Paciphacops and Viaphacops Maksimova, 1972 , returning them to subgenera of Paciphacops, as initially proposed by Maksimova (1972) . In the same way, other closely allied genera, most interestingly Kainops Ramsköld and Werdelin, 1991, were questioned. We presently follow that proposal, pending a more comprehensive cladistic analysis that includes the majority of species belonging to these discussed taxa, which is necessary in order to review the criteria of their taxonomic recognition.
According to the diagnosis of Maksimova (1972) , the recognition herein of Paciphacops (Paciphacops) is based on the preoccipital furrow bent forward and weakened in its middle portion; more or less reduced preoccipital lobe, appressed to the base of the glabella, and cut off behind by straight occipital furrow; lateral angles of glabella drawn out; occipital ring broad (sag., exsag.); and pygidium moderately well segmented with rounded-triangular shape. Moreover, from the characters tested by Ramsköld and Werdelin (1991) , the sclera appears to be thickened (character 23) as in P. (Paciphacops), which precludes an assignment to P. (Viaphacops). Likewise, following Maksimova (1972) , the assignment of our material to P. (Viaphacops) is ruled out due to the presence of a well distinguished L1, a relatively broad (sag., exsag) occipital ring and a nearly rounded-subtriangular pygidium with strongly expressed segmentation.
Differentiation from Kainops is difficult due to the strong cephalic resemblances between it and Paciphacops, as remarked by McKellar and Chatterton (2009) , and a discussion on the validity of Kainops is beyond of the scope of this work. In appearance our form could be distinguished from Kainops based on the apparently more thickened sclera, yet the poorly preserved available material does not allow confidence.
Among congenerics previously known from Malvinokaffric basins, the Paciphacops studied here seems related on the basis of cephalic features to P. argentinus (Thomas, 1905) from the Upper Silurian of the Los Espejos Formation, Precordillera of San Juan Province; and P. waisfeldae Edgecombe and Ramsköld, 1994 , from the uppermost Silurian-lowermost Devonian of the Catavi Formation from Bolivia. However the presence of spines definitively indicates a different taxon.
This striking feature indicates that the most closely related species of Paciphacops to our taxon is P. (Paciphacops) crawfordae Wright and Haas, 1990 , from the late Pragian of the Rosedale Shale, Limekilns district, New South Wales, Australia. Distinctively both forms share intergenal, occipital, axial and fulcral spines which are therefore considered topologically homologous. Other features present in both taxa include similar tuberculation, straight (tr.) pleurae adaxially almost horizontal and distally almost vertical behind the fulcrum, a similar shape of the glabella and glabellar inflation, similar divergence angles of axial furrows in the cephalon, and features of lateral and posterior borders and border furrows.
Both taxa can be reliably considered sister taxa mainly on the basis of spines, an unusual feature among phacopids.
Nevertheless, despite strong similarities, P. (Paciphacops) crawfordae can be differentiated based on the more delicate spines in general, more medially located intergenal spines, better impressed S2 and S1, the former more anteriorly located to delimit a longer (exsag.) L2, and eyes with lenses regularly arranged in 12 vertical rows, rather than in 11 rows as seems to occur in some instances in our material.
All the evidence indicates that the specimens discussed here must represent a new taxon. This will be explored in a forthcoming systematic and phylogenetic specific work, based on more abundant and better preserved material from an identical concretionary level recognized in the lower part of the Talacasto Formation at the Las Aguaditas section, near 10 km to the Southwest of Jáchal, San Juan Province (for a map see Vaccari et al., 1994) . This material is currently under study and will permit a more complete description and a rigorous diagnosis, mainly in eye characters, providing stability in erecting the new species. In accordance with this, the nomenclature is left open for the moment.
As noted by Iwasaki (2006) and other researchers, Paciphacops can be considered cosmopolitan. It is known from eastern and central-western North America, Kazakhstan, Eastern Australia and the Andean region of Bolivia, Perú and Argentina. As this taxon is typical of the Late Silurian-Early Devonian, it has further paleobiogeographic implications for the Malvinokaffric Realm, particularly because it is in agreement with uppermost Silurian-lowermost Devonian dispersals of extra-Malvinokaffric elements. Moreover, such widespread distributions for this period have been recognized for other trilobites in Argentina (Waisfeld et al., 1988; Waisfeld and Sánchez, 1993; Edgecombe et al., 1994b; Edgecombe and Ramsköld, 1994) . versely), with strong dorsal convexity and very well defined lateral lobes. Medial lobe of axial ring moderately elongated (sag.) and moderately convex. Articulating half-ring separated from axial ring by a deep furrow, but reaching almost the same level as axial ring dorsally. Lateral axial lobes well rounded, bulbous, inflated, set off from medial lobe by a deep anteriormost apodemal pit that continues as a wide (tr.) and somewhat shallow furrow directed posterolaterally. Axial furrow deep and moderately wide (tr.), apparently curving around lateral axial lobes in each segment. Pleurae with both adaxial and abaxial part of similar width (tr.). Deep and wide (exsag.) pleural furrow of angular cross-section, placed anterior to midpoint (exsag.) of segment at fulcrum; shallowing medially, deepest at fulcrum and merging adaxially with axial furrow. It narrows and fades distally, becoming a trace breaching and posterodorsally crossing articulating facet. Anterior pleural band shorter (exsag.) than posterior band, both convex dorsally. Distal part of pleurae subrounded, slightly flattened ventrally. Articulating facet barely concave, evenly covered by very subdued equidimensional granules. Pygidium proportionally large, approximately twice as wide as long sagittally, becoming subtriangular to elliptical in outline. Axial region moderately convex and showing conspicuous segmentation. Axial furrows broad (tr.), moderately deep, approximately straight, posteriorly converging at a 30° angle. Axis about 0.35 of maximum pygidial width anteriorly and 0.7 of sagittal pygidial length, with eight well defined rings plus terminal piece (although posteriormost two rings somewhat eroded dorsally). Interannular rings only insinuated on posterior part of anteriormost axial rings. Abrupt tapering posterior and effaced axial furrows next to terminal piece rendering closure of axis incomplete posteriorly. Pleural field with six clearly distinguishable ribs, defined by long (exsag.) and deep pleural furrows. Interpleural furrows well impressed except in last, small pleural rib. Pleural ribs and furrows becoming progressively fainter distally, effacing next to pygidial margin, and thus rendering almost smooth pygidial border. Discussion. Data involving phacopids have been previously known in relation to lithologic units dealt with herein. Baldis and Peralta (1991) reported the genus Reedops Richter and Richter, 1925 , in probably late Lochkovian-Pragian levels (from the "middle part") of the Talacasto Formation, at the Río de las Chacritas and Cerro del Molle sections, in San Juan Province. These authors interpreted their materials as closely resembling R. bronni (Barrande, 1846) , although they neither assigned repository numbers nor provided photographic illustrations, but only presented basic drawings of two cephala.
Most recently, Coughlin (2000) mentioned the presence of Reedops in a nearby fossiliferous locality in the Las Minitas Range, albeit without providing an exhaustive discussion. In this respect, we find that the specimen illustrated there could belong to R. bronni. This interpretation would be in agreement with the observations of Baldis and Peralta (1991) ; unfortunately, we are unable to confirm the presence of Reedops in the Talacasto Formation based on their illustrations.
The genus Reedops has been considered problematic from a systematic point of view (McKellar and Chatterton, 2009) because its diagnostic characters -mainly the weakness of the vincular furrow-have been demonstrated to be rather variable (Campbell, 1977) . Successive attempts at rediagnosis have pointed out further postcephalic characters such as: very narrow (tr.) and long (sag., exsag.) thorax, weakly impressed to effaced pygidial segmentation, pleural furrows becoming faded backward (Chlupáč, 1977) and flattened tips of the last thoracic segments (Campbell, 1977) .
The specimen studied herein does not display any of these features. Instead, its particularly wide (tr.) and nearly subrounded thorax, and pygidium with strongly defined segmentation are typical of Paciphacops, fide Maksimova (1972) . This would suggest the presence of a second Paciphacops species in the same locality.
Nevertheless, given that some taxa closely related to Paciphacops -such as Kainops-are distinguished on the basis of their cephalic features (thoracic characters having received only secondary attention), a reliable generic assignment is not possible; consequently the material is tentatively referred to Paciphacops.
Superfamily Acastoidea Delo, 1935 Family Calmoniidae Delo, 1935 Genus Talacastops Type species. Talacastops zarelae Edgecombe, Vaccari and Waisfeld,1994 from the Lochkovian of the Talacasto Formation, at the Quebrada de las Aguaditas section, San Juan Province, Argentina; original designation. 
Talacastops zarelae

Material. One pygidium (PULR-111 A-B) and six fragmentary cephala (PULR-112-PULR-117).
Description. A complete description of this species was provided by Edgecombe et al. (1994a) in the original work;
herein we improve the characterization of the anterior cephalic doublure and the pygidium, on the basis of a new and better preserved material. Anterior cephalic doublure (Fig. 3.6 ) with a curved row of large spines frontally (Fig. 3.1-3 ) located immediately behind and subparallel with respect to anterior margin. Spines directed downward and slightly forward, and of two types, i.e., subconical, acutely ended and relatively short; or longer, subcylindrical, with thin basal coarser distal portions, distal portion ending in blunt tip (Fig. 3.1-3 ). Both kinds of spines appear to alternate but not in a regular pattern (Fig. 3.3) . Doublure (Fig. 3.6 ) relatively long (sag., exsag.) continuing backward in smooth and approximately flat platform, with an evenly curved posterior margin (exsag.). Hypostome not observed. Only available pygidium (Fig. 3 .7-9) broken anteriorly and articulating half ring not observed. Pygidium 11 mm long (sag.) and 20 mm wide (tr.), although somewhat distorted. Pygidium broadly subtriangular in dorsal view, high and convex in posterior view, and convex and abruptly inclined backward in lateral view. Dorsal surface of exoskeleton fine and evenly granulated, lacking spines, with tubercles not clearly defined but just insinuated exsagittally on axial rings or pleural ribs. Broad axis (tr.), clearly segmented with at least 5-6 long (sag., exsag.) distinguishable axial rings, becoming rapidly effaced backward. Axial furrows moderately shallow with subrounded and moderately deep apodemal pits at junction with pleural furrows. Pleural field clearly segmented, with more than six distinguishable ribs that are strongly bent backward. Pleural furrows long (exsag.) and moderately deep, markedly bent backward as pleural ribs. No conspicuous pygidial border observed. Pygidial margin apparently smooth in general; yet, anteriormost pygidial pleurae showing blunt spine-like and inflated tips slightly projecting backward. Discussion. According to the diagnosis, specific assignment of the studied specimens to T. zarelae is based on the semicircular anterior margin of the frontal glabellar lobe; axial furrow apparently shallow against L3; glabellar and fixigenal spines very long; paired spines absent on medial region of L3; and S2 shallow, non-apodemal, directed anterolaterally, with its proximal end flexed backward. Furthermore, the single recovered pygidium (Fig. 3.7-9 ) is strictly similar to that illustrated by Edgecombe et al. (1994a, p. 455, fig. 5b-c) . This pygidium is only the second one known for the species to present. The record from Las Minitas is the second occurrence of this taxon, as T. zarelae had been previously recorded only from Lochkovian levels in the lower part of the Talacasto Formation at the Las Aguaditas Creek section, where it is relatively frequent, as in the Las Minitas assemblage. The implications of the strong similarity between the two trilobitebearing levels are dealt with in the general discussion section.
Genus Tormesiscus Waisfeld, Edgecombe and Vaccari, 1994 Type species. Tormesiscus hildae Waisfeld, Edgecombe and Vaccari, 1994 from the Lochkovian of the Talacasto Formation at the Quebrada deTalacasto Section, San Juan Province, Argentina; original designation.
Tormesiscus cf. hildae Waisfeld, Edgecombe and Vaccari, 1994 Figure 3.14 Material. PULR-130, a partially complete articulated specimen. Discussion. The tentative specific recognition is based on the presence of S1 with a moderately wide (tr.) apodemal impression, shallowing distally adjacent to the axial furrow; and S2 apparently very shallow. Other characters, such as frontal lobe inflation or impression degree of S3, could not be adequately observed, due to poor preservation; thus the material is left in open nomenclature. However, in accordance with the diagnosis, the apomorphies recognized would allow distinction of this species from its Emsian sister taxon T. gloriae Waisfeld, Edgecombe and Vaccari, 1994 , as discussed by Waisfeld et al. (1994) . T. hildae is considered Lochkovian in age, as it has been repeatedly recorded in a low stratigraphic position within the lower part of the Talacasto Formation in the Central Precordillera of San Juan Province at Las Aguaditas Creek, Talacasto Creek, Tambolar section, Las Tunas Creek and the Cerro del Fuerte section (personal observation). These data are consistent with previous interpretations on the stratigraphic position and age of the Las Minitas outcrops (Vaccari, et al., 2008) . The new data discussed herein indicate that Tormesiscus is a frequent and widely distributed element along the basin, showing a consistent stratigraphic occurrence and therefore possibly proving useful as a biostratigraphic indicator.
Superfamily Dalmanitoidea Vogdes, 1890 Family Dalmanitidae Vogdes, 1890
Subfamily Dalmanitnae Vogdes, 1890
Gen et sp. indet Material. PULR 132 A-B, a fragmentary pygidium, preserved as an external mold.
Description. Maximum preserved length of pygidium (sag.) 21 mm; width 18 mm (tr.). Axial region moderately convex, with conspicuous segmentation. Axial furrows narrow (tr.), moderately shallow and straight, gradually converging posteriorly. Axis with 12 well-defined rings preserved (excluding articulating half-ring). Axial rings moderately long (sag., exsag.), bearing a posterior dorsal spine that becomes progressively smaller towards posteriormost rings. Interannular rings only insinuated on posterior part of anteriormost axial rings, rendering the axial ringW-shaped. Dorsal pleural field moderately convex adaxially, becoming steeply inclined laterally beyond fulcrum. Ten or eleven pleural ribs preserved, clearly distinguishable (excluding the first half pleural rib). Anteriormost pleural ribs (particularly the first four) somewhat sinuous (slightly convex backward near axial furrow, then strongly forwardly convex at fulcrum) bending abaxially backward at fulcrum. Posteriormost pleural ribs becoming progressively nearly straight and backwardly oriented, trending to be parallel to axis. Interpleural furrows effaced next to axial furrow, starting at midpoint (tr.) of pleural rib as a faint line, and then becoming a conspicuous fine line at fulcrum toward pygidial margin. Pleural furrows long (exsag.) and moderately deep, deepest and narrowest (exsag.) next to axial furrow, broadening (exsag.) distally, shallowing at fulcrum toward the pygidial margin, becoming progressively narrower (exsag.) and shallower backward. Pygidial border and margin not adequately observed because of fragmentary nature of available material. Discussion. Considerations at the subfamily level follow discussions on Dalmanitinae and Synphoriinae by Campbell (1977) , Holloway (1981) , and Holloway and Pires de Carvalho (2009). The single available specimen is tentatively referred to the Dalmanitinae considering the relatively long (exsag.) and rather lanceolated pygidial pleural furrows, which are moderately deep and asymmetrical; they define anterior and posterior pleural bands of different strength, the latter slightly decreasing in height toward the border, which cannot be adequately observed. The studied pygidium, although without its posterior end preserved, resembles the partially coeval dalmanitine Gamonedaspis scutata Braniša and Vaněk, 1973 , from the Lower Devonian of Bolivia figured by Edgecombe (1993) . Similarities lie in the general anterolateral shape of the pleural field, form of the ribs and degree of their progressive backward redirectioning, together with the dorsal convexity. Differences lie in the broader (exsag.) and deeper pleural and interpleural furrows in G. scutata, which has a double row of coarse faint tubercles exsagittally along the axis.
Similarly, the specimen under consideration can be differentiated from the dalmanitine Kazachstania Maksimova, 1972 , known from the uppermost Silurian or probably lowermost Devonian from the Catavi Formation in Bolivia (Edgecombe and Ramsköld, 1994) , and the Silurian from the Los Espejos Formation at Cerro del Fuerte, Argentina (Waisfeld et al., 1988; Edgecombe and Ramsköld, 1994) . Differences include better impressed interpleural furrows, longer (exsag.) pleural furrows, and straighter pleural ribs in Kazachstania. In Argentina, the only similarly dated (Early Devonian) dalmanitid is the synphorine Dalmanitoides drevermanni Thomas, 1905 , described from Pragian levels of the Talacasto Formation at the Loma de los Piojos section, near Jáchal, San Juan Province (Cerro del Agua Negra section of Thomas, 1905) . Recent illustrations of the type material, which is housed in Germany (Holloway and Pires de Carvalho, 2009 ), prevent referral of the specimen from Las Minitas to that taxon, based on the absence of tubercles and obvious differences in pygidial shape and morphology of the pleural ribs and furrows, features of subfamilial significance.
Reliable comparisons to Dalmanites sudamericanus Benedetto and Martel in Baldis et al., 1976 Material. PULR-128 A-B and PULR-129 A-B, a fragmentary cranidium and an associated fragmentary pygidium, preserved in the same nodule. Description. Cranidium (Fig. 3 .10-12) 13 mm long (sag.) and measuring almost the same between more divergent points (laterally) of anterior branches of facial suture; cranidium sagittally elongated, with very subdued sculpture to smooth dorsally; anterior margin even and moderatelly arched in dorsal view; anterior area shortest medially (sag.), gently inclined forward and slightly concave in lateral view;
anterior border, anterior border furrow and preglabellar field not clearly delimited on the anterior area; preglabellar furrow exceedingly narrow (sag., exsag.) and shallow, becoming a line parallel to the anterior glabellar contour; glabella sub-conical to ogival (slightly tongue-shaped) in dorsal view, with maximum width at L1 about 0.8 of length (sag., including occipital ring), weakly inflated to nearly flattened in lateral view, with even, slight dorsal convexity sagittally and transversely; axial furrows moderately convex, most rapidly convergent forward from anterior side of L1, exhibiting a moderate anterolateral constriction associated with small shallow apodemal fossula anteriorly; LO (occipital ring) long (sag., exsag.) yet slightly shorter than anterior area, elongated laterally at junction with axial furrow, as high as posterior part of median glabellar lobe in lateral view, nearly flat at top; L1 large, but weakly defined; L2 faint; SO short (sag., exsag.) and shallow, longer and shallower behind L1; S1 faint, widespread, nearly anterolaterally directed; S2 effaced; eye ridge weak, insinuated next to anterior point of lateral constriction at apodemal fossula; interocular fixigena incompletely known. Pygidium (Fig. 3.15 ) sub-triangular, 12 mm long (sag.), about 0.7 of inferred pygidial width anteriorly. Axial region moderately convex, with weakly defined segmentation. Axial furrows moderately broad (tr.), moderately deep, shallowing posteriorly, and approximately straight. Axis with 8-9 defined rings, abruptly ended posteriorly. Pleural field gently convex in posterior view. Five anteriormost pleural ribs most distinguishable, broadly (exsag.) separated, slightly convex forward and defined by delicate pleural furrows; posteriormost pleural ribs otherwise more delicately marked and much more narrowly (exsag.) spaced. Interpleural furrows completely effaced, particularly between anteriormost pleural ribs. Pleural ribs and furrows becoming progressively fainter posteriorly and next to axial furrows. Because of breakage, the lateral pygidial border displays the doublure anteriorly, which carries delicate subparallel terrace lines; continuation of more narrowly spaced pleural ribs can be observed posteriorly, where dorsal surface is preserved. Pygidial margin entirely smooth. Discussion. The pygidium and cranidium described are closely associated in the same concretion, and therefore they are considered as belonging to the same individual. Some tectonic distortion is present and the fragmentary and weathered preservation is not good enough to show delicate ornamentation, particularly in the cranidium. Nevertheless, an ogival or subconical glabellar outline is noticeable. This feature was particularly outlined as diagnostic of the genus Unguliproetus, following rediagnoses by successive authors (Harrington et al., 1959; Alberti, 1969; Šnajdr, 1980) after the brief original diagnosis given by Erben (1951) . Other generic glabellar features observable in the specimen such as a depressed profile, absence of strongly impressed lateral lobes, and a very gentle dorsal curvature, were discussed by Šnajdr (1980) to give a restricted diagnosis of Unguliproetus, and differentiate it from Pragoproetus Šnajdr, 1977 . However, the only slightly inclined frontal area, the weakly defined anterior border, faded anterior border furrow, and apparently long and moderately segmented pygidium are not typical of Unguliproetus, suggesting a possibly different taxon in the Las Minitas outcrops. According to this, and because available material is scarce and poorly preserved, the specimens are left in open nomenclature. This is the first record of a proetid trilobite in the Devonian of Argentina. Additional unpublished material currently under study referable to similar Lower Devonian proetids collected from the lower part of the Talacasto Formation there is mentioned herein only in order to emphasize the taxonomic similarity of trilobites in this stratigraphic position along the basin, and in order to support correlations.
GENERAL DISCUSSIONS ON AGE AND STRATI-GRAPHIC IMPLICATIONS
The trilobite assemblage described herein is the same as that accompanying Talacastops zarelae in the lower section of the Talacasto Formation at the Las Aguaditas Creek in San Juan Province, as described by Edgecombe et al. (1994a) . Shared taxa include Talacastops zarelae, P. (Paciphacops) sp. and Tormesiscus cf. hildae. Notably, T. zarelae and P. (Paciphacops) sp. are known exclusively from these two localities. Furthermore, in both cases a distinctive feature is the dominance of P. (Paciphacops) sp., in terms of abundance, which is identically represented by similar articulated moult ensembles, whereas other trilobite taxa are mostly disarticulated and less abundant. A reliable correlation can be made between both localities based on the very same taxonomic composition of trilobites. Consequently, since the fossil levels at Las Aguaditas are considered Lochkovian (Herrera, 1991 (Herrera, , 1993 Edgecombe et al., 1994a) , the same age is suggested for the trilobites from Sierra de Las Minitas. Nevertheless, based on the presence of the genus Reedops reported by Coughlin (2000) , strata of probable Pragian age could be exposed in the area. Baldis (1975b) pointed out the relevance of trilobites -specifically from the Talacasto Formation-for perform-ing biostratigraphic correlations in the Lower Devonian from the Argentine Precordillera. However, biostratigraphic frameworks proposed for this unit have been based solely on its rich brachiopod fauna (Herrera, 1993; Racheboeuf and Herrera, 1994; Herrera and Bustos, 2001 ). This allowed correlations of this unit with those in other basins across the Malvinokaffric Realm, fundamentally in Bolivia (Racheboeuf et al., 1998) . However, the very same faunal elements of the Talacasto Formation had never been recognized outside the Central Precordillera in Argentina. Recognition of the assemblage described herein allows -for the first timea rigorous correlation based on Lower Devonian trilobites from the Talacasto Formation.
On the other hand, within the lower section of the Talacasto Formation, stratigraphic intervals bearing fossil-rich nodules at the Las Aguaditas section correspond to Facies Sequence A of Astini (1991) . Although fossiliferous rock successions at Sierra de Las Minitas differ from them in that they show a slightly more greenish weathered surface and are affected by penetrative cleavage, they do resemble rocks from the Talacasto Formation when analyzed in detail. Therefore, considering facies and taphonomic similarities, the interval yielding trilobites also corresponds to the same unit on a lithological basis. Thus, we suggest that the Quebrada del Escarabajo Formation of Coughlin (2000) is at least in part equivalent to the Talacasto Formation, and consequently we propose to expand the use of Talacasto Formation for exposures in this area of Sierra de Las Minitas, replacing thus the informal name Quebrada del Escarabajo Formation. This redefinition stretches the extent of the Talacasto Formation into the northern Precordillera, demonstrating that this region was part of the Precordilleran Early Devonian basin and thereby suggesting a much larger extent toward the north than that previously inferred for the Lower Devonian foreland basin stratigraphy (Bustos and Astini, 1997) .
The remarkable lateral continuity and regularity observed -on both lithologic and taphonomic grounds-between the outcrops of the Talacasto Formation in the Precordillera of San Juan and those from the Sierra de Las Minitas elicit additional considerations regarding environmental aspects. The same facies association, identical faunal content and strong preservational features (shape, size and color of the fossil-rich nodules) in the fossiliferous intervals are striking. Everything indicates shared depositional environment and burial histories allowing preservational identity for the nodule-bearing levels that can be reliably correlated along almost 200 km (Vaccari et al., 2008) in San Juan and La Rioja provinces. Consequently, uniform depositional conditions can be inferred along the Precordillera sedimentary basin during Lochkovian times. This is consistent with previous interpretations suggesting a muddy shelf depositional system for the Talacasto Formation, based on stratigraphic and sedimentological data (Astini, 1991, Bustos and Astini, 1997) .
It is also worth mentioning that this interpretation does not disagree with previous work in the region. The geology of Sierra de Las Minitas is complicated by several folding and faulting stages (Coughlin, 2000, fig. 1 ), and while our suggestion is that the older unit in the area is the Talacasto Formation, this does not necessarily indicate that everything below the unconformity at Agua de Carlos, overlain by the Río del Peñón Formation (Lower Pennsylvanian), corresponds to the Talacasto Formation (Fig. 1) . Carrizo (1998) , Carrizo and Azcuy (1998) and Azcuy et al. (1999) also pointed that at Sierra de Las Minitas two other units, i.e., the Agua de Lucho and the Cerro Tres Cóndores formations, also underlie the Agua de Carlos unconformity, leaving open the question regarding their precise stratigraphic age. Our new interpretation allows stratigraphic bracketing of the age of these two units, originally defined by González and Bossi (1986) immediately to the north. These authors assigned a Mississippian age to these two units, an age that appears to be consistent with our new interpretation of the stratigraphy at the Sierra de Las Minitas.
